y V.
| MICHIGAN |
EVE

The Spectral Decomposition of LW Cloud

Radiative Feedbacks: Implications for
Emergent Constrains

Xiuhong Chen, Xianglei Huang?!, Qing Yue?
1 The University of Michigan
2 JPL/Caltech

2017 CERES Fall Science Team Meeting
Greenbelt, MD
Sep 28, 2017

Acknowledgements: NASA CERES project, Terra/Aqua and CloudSat programs



Outline

* Motivations
— Why go beyond the broadband comparison
* Methodology
* Band-by-band LW CRE: CESM vs. obs
* Band-by-band LW long-term cloud feedbacks

 Band-by-band LW short-term cloud radiative
feedbacks (fluctuations): model vs. obs in 2003-2013

e Discussion and Conclusions
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What spectral dimension can offer?

Reveal compensating differences that cannot be
revealed in broadband diagnostics alone.
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Derivation of spectrally resolved
fluxes, CRE, and feedbacks

 Observations

— Directly invert from AIRS radiances following the
scene type classification of CERES (Huang et al,,
2008; Chen et al, 2013; Huang et al., 2014)

— Outcome: spectral flux at 10cmtinterval over the
entire LW spectrum (09/2002 to present)

— Observation-based cloud radiative kernel (Yue et
al., 2016)
* Make use of CERES/MODIS/AIRS product
e A composite approach (k-NN method in ML jargon)
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* 10-year mean spectral CRE over the different
climate zones
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Model: CESM

NCAR CESM v1.1.1 (RRTMG_LW as LW rad scheme)

Simple code modification to output band-by-band
fluxes and CRE over each RRTMG_LW band.

Spectral radiative kernels (Huang et al., 2014, GRL) to
derive spectral details of Planck/Lapse-rate/WV

feedbacks

Cloud feedbacks (both broadband and band-by-band)

— Adjustment method (Soden et al., 2008)
8.R = dCrp+ (K7 — K)dT + (K — Ky)dW

+ (K°, — K )da + (G° — G). (25)

— Cloud radiative kernel method based on Yue et al. (2016),
built for every RRTMG_LW band.
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Derived cloud radiative kernels

Model-based kernel MODIS-based kernel CESM-based kernel
(Zelinka et al., 2012) (Yue et al. 2016) following Yue et al.
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Cloud feedbacks from two methods: adjust vs. kernel

LW Cloud feedbacks for 2xCO, fully-coupled run
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Results
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opsenaton o n B Band-by-band CRE (RRTMG_LW bandwidths)
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Observation: 2003-2015 CAMS forced by observed SST CAMS5-Obs

2003-2015
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Band-by-band LW cloud feedback in the NCAR CESM
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The band-by-band decomposition of LW cloud feedback is different for double
CO, and +2K SST run. The decomposition from different methods can be different
too, even the broadband numbers are identical.



Band-by-band Cloud radiative feedback from 2xCO, run (Adjust method)
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Band-by-band Cloud radiative feedback from 2xCO, run (kernel method)
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Short-term fluctuation of 2003-2015 (Preliminary)

 CESM simulation: using Dessler’s method to obtain
an estimation of short-term cloud feedback

e Observation: applying Yue et al. (2016) to MODIS,
AIRS and CERES data to obtain the same quantity

(preliminary)
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Long term vs. short-term contrast
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Conclusion and Discussion

* Spectral decomposition helps revealing
compensating biases.
— Compensating biases (t; x, y, p) vs. (t; X, y, v)

* Different ways of estimating cloud feedbacks
can lead to different spectral decomposition.

* The long-term vs. short-term cloud feedbacks
have different spectral decomposition

— Implications for emergent constrains
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Thank You!
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CESM cloud radiative kernel

*¢*3-hourly CESM output from coupled CESM runs (3 years
of control run);

** Mean cloud top pressure is calculated as the average of
pressure on different layer weighted by layer cloud
fraction;

**In cloud optical depth is computed from liquid/ice water
content using method in Chen et al. (2013); then mean
cloud optical depth is weighted average by layer cloud
fraction.

** ISCCP-like histogram is generated;

+*¢* Cloud radiative kernel is computed by dividing mean CRF
by mean cloud fraction for each bin of the histogram.

Different from the MAST-MODIS cloud retrieval al-
gorithm, the CERES-MODIS cloud properties are re-
ported up to two cloud layers for each pixel at the nadir
resolution of 20 km (Minnis et al. 2011a). The column-mean
cloud fraction is calculated as the summation over two cloud
layers, and the mean CTP and 7 are calculated as the av- Yue et al. (2016)
erage of values on different layers weighted by layer CF.
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A trait of spectral (band-by-band) CRE

1. Blackbody cloud
A
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Band-by-band Cloud radiative feedback from 2xCO, run
10-250 cm™, 0.005 (global val) ~ 250-500 cm™, 0.044
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Cloud feedback (Wm%/K)

Long-term vs. short-term contrast
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***Do we have an update on this slide, especially the obs plot?
Broadband LW cloud feedback
Slab ocean run: 0.25 Wm-2/K
Fully coupled run: 0.31 Wm2/K
Forced SST run: 0.61 Wm2/K
Observation: -0.21 Wm2/K



B A
What spectral dimension can offer?

Reveal compensating differences that cannot be
revealed in broadband diagnostics alone.

Spectral decomposition of
broadband lapse-rate
feedback

(Huang et al., 2014, GRL)

—CanESM2 -0.55 Wm2/K
— INMCM4 -0.55 Wm%/K

LR feedback (W/m?/10cm™/K)
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Observation: 2003-2015 CAMS forced by observed SST CAMS5-Obs

2003-2015
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*** Please make another page with two plots for CAM5-0bs (i.e., middle column - left column)

Observation: 2003-2015 CAMS5 forced by observed SST ~ CESM fully-coupled run
2003-2015 30-year mean
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